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and "\Viener's theory is based on the fact that the super
illlposed and reflecting layers of silver in the film are 
the cause of the colors. One must thus conclude that 
the olors are caused by reflection from the films of un
changed gelatine. 

The basis of the various indirect processes of color 
photography is the production of three negatives by 
means of three different light filters-three plates sensi
tive to red, yellow, and blue. With these three nega
ti \'es polychrome prints can be made in various ways. 

De Rausonet proposed to make three negatives by 
means of yellow, blue, and red filters, from these three 
litlJOg;raphic stones, and to afterward print in the ap
propriate colors by lithography. But this process did 
not gi ve good results, for, though the negatives were 
t.aken through colored sCI'eens. the plates were not 
specially sensitive to the different colors. Dr. Hauron's 
process suffered from the same defect. He printed 
f!'Om his negatives in carbon, and transferred to plates 
of lIlica. 

\Vhen Vogel invented color sensitive plates, Drs. 
Albert and Ubernetter were the first to succeed with 
tricolor reprod uiltion. 

But there are still llJany difficulties t o  be overcome. 
The problem of the selection of the proper blue, yellow, 
aud red colors is one; these three colors must be such 
as shall give every other color by admixture, a condi
tion which at present cannot be fulfilled. As a matter 
of fact, the same three COlors should be used both for 
sensitizing and printing, a very practical difficulty, 
for most sensitizers are useless for printing purposes. 
Hence recourse must be had to those colors which lend 
themselves to the printer's art, and hence, although ex
tremely beautiful reproductions are made, fac-simile 
representations of the originals are, at present, not 
possible. Still there is no occasion to despair. Won
derful progress has already been made, thanks to the 
researches of, among others, Dr. Vogel, Baron Hubl, 
Frisch, Husnik, and Angerer. Before leaving photo
mechanical color processes, mention must be made of 
the synchromotypes of Turati, which are obtained by 
means of a press constructed by Turati himself, and 
with which only a single impression is req uired to give 
all the colors. 

Among non-photo-mechanical processes, that of I ves 
led the way in viewing three images at one time.' His 
apparatus simply consists of a lens through which the 
rays of light fall on one plate directly, and on two 
others by reflection. Each plate is provided with a 
suitable screen, and the positi ves thus printed from the 
negatives thus obtained are viewed against the glasses 
corresponding to the taking screens. 

Vidal projects the three positives on to a screen. 
Nachet adopts Ives' arrangements, using stel'eoscopic 
apparatus. Selle makes three positives on collodion 
films, which he dyes red, blue, and yellow respectively. 
They are then superimposed and projected. 

J oly uses the idea of McDonough, taking a single 
view through a ruled screen of colored bands, red, green 
and blue, repeated across the plate. The result is a 
negative of very fine lines. A positive is made from 
this and placed in contact with a screen similar to that 
used in the camera, line to line. 

Stockert's process possesses much of interest. From 
each of the negatives made, as for the tricolor process, 
a print is taken in gum-biChromate, the first for the 
yellow, the second for the red, and the third for blue. 
The three prints are made on the same paper, one on 
top of the others, sensitizing twice more after the first 
pl'iuting. 

Lumiere similarly uses carbon. Hofmann has a sim
ilar process, in which the preparation of the negative 
and registration of the prints is assisted by ingeniously 
devised apparatus. 
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AMERICAN ENGINEERING CO;\fPETITION * 

X,--STATIONARY ENGINES. 

IT has for some time past been known to well-in
formed British engineel's that the manufacture of large 
stationary stearn engines has been increasing to a very 
relllarkable degree in the U nited States. 'l'his has 
also been brought before the general public by the in
stance of the Glasgow tramways, to which reference 
will be made later. The increased activity is reflected 
slightly in the export business of the country, though 
manufacturers have been mostly too busy to seek 
foreign orders. By reference to official figures it will 
be found that the exports of stationary engines from 
the United States have increased 200 per cent. during 
the last ten years. Our exports have been falling 
away steadily for some time, being about 22 per cent. 
less in 1898 than in 1888, Statements of ratios are apt 
to be misleading, and it puts a better complexion on 
the matter when it is stated ·that we still sell abroad 
eighteen times as much in value of stationary engines 
as the Americans do; the totals for 1898 being, for the 
Uulted Kingdom, £1, 4 54,928, and for America about 
£80.000. But these fh:ures again may prove as much 
toO reassuring as the percentages were over-depress
iug. The Americans have not hitherto sought foreign 
trade in stationary engines. Are they likely to do so 
III the future? 

In order to form some idea of the answer that should 
be given to this question I made a good many inquiries 
among those most directly interested in the industry, 
and received but one reply from all. It ma y be sum
marized as follows: "We shall se II our engines where 
we find the best prices and easiest market. At present 
that is the United States; but if demand slackens here 
we shall use the foreign market as an outlet for our 
surplus product, getting the best prices we can. But 
we attach the greatest importance to keeping our 
works in full a(ltivity, and shall be prepared to accept 
low prices abroad in dull times in order to be ready to 
take advantage of busy times when they come." The 
attitude of the engine-maker is very much that of the 
steel-maker, and, indeed, the idea of most manufac
turers in the raw and manufactured iron trades ap
pears to be to sell cheaply abroad-at a loss, if need 
be-and equalize matters by the profits on the home 
trade. By some in verted process of reasoning, which I 
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have never been able to grasp, this policy is held to be 
good for the country at large. 

The point British manufacturers have to consider, 
however, is how the prospective competition in America 
will affect them; not whether it is economically sound, 
nor how it will affect the American citizen. Will the 
protective duties of the country enable the manufac
turers to carry out their programme? Shall we, in the 
engineering industry, have a parallel to the sugar 
trade, witt] its bounty-fed beet sugar? The answer to 
this question obviously depends largely on the way in 
whiclJ American workshops are equipped; and here I 
gladly leave the slippery platforlll of economics for the 
surer ground of engineering practice. 

Probably the most interesting engille works in 
America to English engineers are those of the Ed ward 
P. Allis Company at Milwaukee in the State of Wis
consin, the firm that has taken the contract for the 
Glasgow tramway engines. That an American works 
over 1, 000 Illiles from the nearest seaport on their side 
of the Atlantic should wrest an order for engines of 
largest size from our foremost engineering firms in one 
of the most important centers of engineering activity 
callle as a very big, and very unpleasant, surprise to 
most. of us last summer. The controversy that followed 
the placing of the order will be within the memory of 
many, and it is not now proposed to extend it or review 
the points then brought forward. 

I Illade a special trip to Milwaukee, where the man
agers of the Allis Company most liberally gave me free 
access to their shops, with permission.lo find out every
thing I could as to the advantages they possessed for 
enabling them to secure orders in Enl"ope ; for the Glas
gow engines will be by no means WIthout companions 
on this side of the Atlantic. In spite of this liberal 
freedolll, I am afraid I can give no specific reason for 
the succe"s of the firm. In general terllls it may be 
said that tbe plant is adequate to the big work t.hat is 
turned out, and that special attention has been paid 
by a very competent mechanical engineer to the de
sign of large and powerful engines suited to driving 
electric generators. This has been backed by shrewd 
and energetic commercial Illanagement, and by a bold 
venture of capital, whenever thoughtful consideration 
gave promise of good return, that is characteristic of 
ttIe American business Ulan. The company ha ve been 
in a fortunate position to take full advantage of the 
enormous development of electric traction that has 
occurred in the United States during the last few years. 
The demand for big engines of this class has sprung up 
almost at a bound. 

Everything in these works is on a big scale; they are 
laid out for large engines, and practically make hardly 
any of the smaller type. For in�talJce, they had in 
hand, for one order alone, at the time of m:! visit, eight 
pairs of compound engines, each to indicate 8, 000 horse 
power at best economy, or to be capable of continu
ously working und"r a load of 12,000 horse power. 
These engines, therefore, would be collectively equal 
to doing the work of 96,000 horses, and I doubt whether 
such a wholesale order for steam power has ever been 
taken before. Even our "Powerful" and "Terrible" only 
work up to 25.000 horse power. The engines are for 
the elevated railroads of New York and will be placed 
in a central station there. Another big order, also in 
progress, was for 11 sets of engines for the electric 
power station which is to supply current for the sur
face street railroads of New York. These engines will 
give an aggregate maximum horse power of 77,000, but 
their load at best economy will be 4,500 horse power 
each. It will thus be seen that at the present time 
New York is putting down for local passenger service 
by means of electric traction no less than 173,000 horse 
power, and is getting the engines for all this from a 
firm in another State over a thousand miles a way. 
These engines are all of the vertical direct coupled type 
with Reynolds's Corliss gear and run about 75 revolu
tions per minute, although they may be driven faster. 
The firm had also on their books orders for 34 blowing 
engines. These are big engines and weigh froUl 400 to 
650 tons each, and giving off up to 5,000 Lh.p. One 
was for England, one for ]'rance, one for Southern 
Russia. and five for Nova Scotia, where one of t.he most 
complete blast-furnace plants in the world is now 
being laid down. 

Another order in hand was for three engines for elec
tric traction purposes in Cuba. These were interesting 
as being similar to the engines the firm had supplied, 
and which are now being erected at the Bankside Sta
tion of the City of London Electric Lighting Company. 
Other engines of equal size were in progress for the 
Pittsburg electric tramway system, the Richmond 
(Virginia), the Norfolk (Virginia), and the Lynn (Massa
chusetts) systems. I am not aware of the size of the 
last named engines, but the whole of the work in pro
gress represented an aggregate of power that has never 
been approached in the shops of one firm for engines 
of this class, and which, I am informed, represented a 
value of a million pounds. 

I have been, since my visit. furnished with a list of 
the principal engines made by this firm, and a very 
remarkable list it is. Engines of large size have been 
shipped to Australia, Tasmania, Austria, Canada, 
England, Ireland, Scotland, Germany, Mexico, New 
Zealand, the Sandwich Islands, South Africa, Ar
gentina, Chile and Spain; while others have been 
sent into 30 different States of the Union and its Terri
tories. Perhaps the most remarkable feature in the 
list is the number of large engines supplied tn t.he Car
negie Steel Company, there being 31 blowing engines, 
eight rolling-mill engines, and one air -compressing 
engine. 

The plant of these works is on the scale needed for 
the operations tha t have to be perforllled, the machine 
tools being mostly, if not all, of American make. 
Among them Illay be mentioned a powerful flywheel 
lathe that would take work 40 feet in diameter and 11 
feE't between centers. This was served by its own over
head crane, and was driven by an independent engine. 
There were three large planers together, each of which 
would take 10 feet square under the bridge, and several 
large vertical lathes, which would takE' 10 feet under 
the heads and 22 feet in'diameter. A !lew one, for 
which the foundations had just been put in, would 
t.ake 12 feet in height and turn a diallleter of 24 feet. 
This would be certainlv the heaviest tool of the kind I 
have ever seen. The li fting appliances are very COlli 
plete. In addition to numerous jib ('ranes, there are 
lU the shops nine overhead electric traveling crane�, 
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all of high speed. One of these is 50 tons, five are of 
30 tons, two of 20 tons, and one is of 10 ten tons capa
city. In this way heavy parts can be carried over all 
other work in progress, and cleared out of the way 
without interruption. It is a point of which the value 
is generally recognized in America, and which British 
engineers might more often consider. The shops cover 
an area of 22 acres. Another factory has recently 
been acquired in Buffalo in order to relieve the Mil
waukee establishment. A point I noticed in these 
works was the nearness to finished size of the forgings 
used. There was really very little metal to Le re
moved beyond that required to make a proper finish. 
I think, however, the Americans forge closer to size 
than is usual in Europe. The hours of work here are 
from 7 to 12 and from 1 to 6, or ten hours. As is usual 
in America, there is no wasteful break for breakfast, a 
system to which British workshops will have to come 
soonel' or later. When men come in at 6, the time 
spent before breakfast is more or less wasted; in a 
good many shops it may be said to be entirely wasted. 
Whatever the hours may be, whether nine, as in Great 
Britain, or ten, as in America, the 6 o'clock rule with a 
break for breakfast is bad. The night shift at Messrs. 
Allis' work from 6 P. M. until midnight and from 1 
A. M. till 7 A. M., or 12 hours' work, for which, how
ever, they receive 13 hours' pay. For the most part· 
the men are paid day wages, and not by the piece. 

I will conclude the notice of these works with an in
cident illustrative of the boldness with which Ameri
cans attack engineering problems. In 1889 Messrs. 
Allis supplied the Boston Street Railway Company 
with nine engines of 1,000 horse power each for actuat
ing electric generators. These were to drive the dyna
mos by l lleans of belts in tbe way considered best at 
that period. By the year 1894 it had been found that 
direct driving, i. e., without belt-gearing, was the 
better way; so, though the machinery was but five 
years old, the whole station was remodeled at a cost of 
£100,000, new generators being provided, and the en
gines altered for direct driving. I am afraid we in 
England should have looked on i t  a s  little less than 
criminal to throw away beautiful new machinery al
most before it had begun to be worn out. As a matter 
of fact, I am informed, the saving effected has quite 
justified the outlay, showing, inJeed, a very substan
tial profit. 

Other important engine works I visited when in tl:is 
part of AUlerica were those of Messrs. Fraser & Chal
mers, in Chicago. This establishment I was more 
anxious to see, as the firm ha \'e within the last few 
y�ars started a large factory at Erith, in Kent. The 
latter works were erected with a view to getting the 
advantage of cheaper labor in England, and, therefore, 
as it was supposed, a lowtr cost o·f production. I had 
heard this expectation had not been fulfilled, and I 
thought, perhap�, I could find the reason. The su b
jecr, however, was one upon which the Chicago branch 
did not wish to express an opinion, very naturally, 
perhaps; but I found that it is considered that Ameri
can makers of this class of machinery have an ad van
tage, first, in cheaper labor, i. e., cheaper ill terms of 
product, not in time rate; secondly, in a better quality 
of iron; and, thirdly, ill American designs using less 
metal. The mining m achinery made by this firm is 
largely for new countries, where transport is difficult; 
the latter feature, therefore, is of importance. The 
Chicago firm have also a lOW'll' rate of railway car
riage, although, as they are 1,000 miles from the sea, 
that can hardly be a ruling factor for export orders. 
T hey further attribute a good deal of their success to 
the readiness with which they pull old tools out and 
replace them by new ones as soon as occasion arises. 
On visiting the works on the outskirts of Chicago, I 
found them most admirably arranged, the lifting ap
pliances, in the shape of electric cranes and pneulllatic 
hoists, Leing especially well devised. The latter are 
worthy of atteu Tion, as they save a great deal of labol'. 
'rhroughout the shops thpre are fitted a series of over
head single rails, suspended at a convenient height 
above the machine tools. Hanging from these rails are 
long cylinders having pistons, the piston rods ending 
in hooks. One of these lifting cylinders is brought 
over the piece to be transported, the hook is attached 
to slings, air at pressure is admitted beneath the 
piston, and the whole is then lifted and can be run 
along the overhead lines to any point within the scope 
of the apparatus. The systelll, though not novel, is 
extremely simple, and the saving in labor, not only in 
transporting work, but abo in setting it in the tools, is 
considerable. A few of our Lest equipped works have 
these lifts, but they ought to be more universal. 

These works were among the best organized of any I 
visited in America, and are full of valuaLle suggestions 
to the managers of engineering shops. The wachinery 
prod uced is also interesting not only as being U1echall ic
ally ingenious, but from its destination and u:;e. There 
were in progress complete plants for extracting the 
more costly metals, from gold and silver, to copper, 
Jead and tin. The four corners of the earth are brought 
together in the Chicago shops, more especially the Ilew 
corners. There were in hand mining plants for Alaska, 
Honolulu, Honduras, British Columbia, Tasmania, 
Australia, New Zealand, the Straits Settlements, India, 
Cape Colony, aud Canada. It was evident from the 
work going forward here that trade in mining ma
chinery does not always follow the flag. 

The hours of work are ten a day, from 7 to 12 and 1 
to 6. Saturday work closes at 4 o'clock, so that 58 
hours a week are made. The shops are kept going day 
and night and no difficulty is found in regard to trans
ferring work from the day shift to the night shift. The 
foremen, between them, can be depE'nded upon to keep 
matters straight in this respect. Piecework is not 
usual, day wages being generally paid, but such opera
tions as can be done on the piece system are so carried 
out. This firm has doubled the magnitude of its opera
tions during the last five years. 

Another large engine factory I visited was that of 
the Lane & Bodley Company at Cincinnati. I had 
seen some large engines by this company at work and 
was desirous of visiting the factory that could produce 
such fine examples of engineering as they w.,re, more 
especially as I was told that I should find an example 
of an '" old-fashioned firm "-something, my informant 
said, that would make me think I was at home. Frolll 
the latter point of view Illy visit was a failure. I fOlilid 
the firm, which has been established in Cincinnati for 
6 5  years, on the point of moving to quite new works 
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outside the town. There they have constructed a 
factory. the principal building of which is 800 feet long 
by 500 feet wide, am!, to judge by the architect's draw
ings, it is a very handsome edifice. In tbe design and 
laying out of the new shops the management have in
corporated the result of their own experience and that 
of any other person they could get hold of. It is a 
great source of strength to the American manufacturer 
that he will adopt other people's ideas readily if he 
finds them better than his own. These new shops are 
to be, therefore, models of everything most advanced 
and wost desirable. I saw the parts of one machine 
that had just been completed in the old shops for the 
equipment of the new. It is worth mentioning, as it 
will help engineers to size the operations to be con
ducted. It was a planing machine, 1 12 feet long, that 
would operate on a piece of work 16 feet by 16 feet in 
cross section, and would take a cut 56 feet long, that 
being the length of the table. 'fbe 112 foot bed was in 
ten massive castings, and contamed the enormous 
diagonal screw that moved the table. A description of 
this enormous machine tool would appear somewhat 
technical to ordinary readers, but they may safely as
sume that with such an example (together with the 
heavy tools for European purchasers made by tbe 
Niles Tool Works, presently to be described) it is idle to 
say that facilities for an opposition to our marine engi
neering industry do not exist in America. 

The business of the E. P. Allis Company at Milwau
kee also shows that steam engines of the very largest 
size can be purchased in America, and are, moreover, 
shipped across the Atlantic in competition with Euro
pean firms. It is true these are not marine engines
the design is different; but it would be only a small 
matter to import from the Clyde or Tyne draughtsmen 
competent to furnish all the detailed work and fore
m e n  to superintend its productiou, while practically 
all the plant needed for manufacture already exists. 
There are, it must be remembered, many other engi
neering shops besides those I have mentioned which 
make big engines of what may fairly be called the ma
rine type, although they are used for land purposes. 
This should be said in justice to other firms, but it is 
unnecessary to give a list of names, the general plan of 
these articles being to deal with works visited. In re
gard to shipbuilding, there is i n  America some of the 
mo�t advanced practice in the construction of steel 
hulls that I have seen anywhere. At present we have 
felt no pinch of foreign competition in the shipbuild
ing and marine engineering industry, although Ger
many now possesses the premier position in regard to 
speed, and has built and owns three out of the four 
largest Atlantic liners. It is not, however, toward 
Germany that we need look with most anxious eyes, 
but to America, the land of enterprise and the home 
of cheap steel. 

MECHANICAL STOKING-. 

II. THE RO�EY MECHANICAL STOKER. 

THE great increase tilat has taken place of late years 
in the size of steam plants has made mechanical "tok
ing almost an absolute necessity if high economy is to 
be achieved. Fuel and labor al'e two of the chief items 
in the operating expenses of manufacturing enter
prises, and mechanical stokers effect most important 
economies under both these head.. 'fhe Roney me
chanical stoker was invented in 1 885 by MI'. William 
R. Roney, and while it still retains the main prin-

Company, of New York, for 34,000 horse power of 
boilers; by the Third Avenue Railroad Company for 
32,000 horse power, making an aggregate of (i(j,OOO 
horse power of boilers which will be operated by me
chanical stokers among the traction companies of 
New York city :..lolle. The makers, moreover, have 
recently received orders for equipping boiler plants of 
an aggregate of over 225,000 horse power ill various 
parts· of the United States. The construction and 
operation of the Roney stoker is clearly shown in the 
accolllpanying illustrations. 

Fig. 1 shows a general pel's pective view of the stoker 

and the demand for steam. The motion of the grate 
bars is silllilarly regulated and controlled, so that for 
low grade coals increased llIotion may be had in o rder 
to burn a �ufficient quantity of coal per Etjuare foot of 
grate. 

The Roney mechanical stoker is unique in having 
the grate bar::; run across the furuace at right angles 
to the inclIne. 'l'he movelll ent of the grate bars, it 
will be seen, breaks the fire in lines a t right angles to 
the line upon which gravity is acting; hence, tbe con
stant tendency of the IlJOyement of the bars is to break 
the fire cross

·
ways to its line of illotion toward the 

FIG. 2.-DI';TAILS OF CONSTRUCTION. 

in operation, while the details of its construction are 
shown in Figs. 2,4, and 5. The mechanism is usually 
driven by a small engiue or motor placed at one end 
of the battery of boilers, alld connected to the shafting 
by means of a housed worm, running in oil. Such a 
IlIotor is shown connected to a batterv of boilers in il· 
lustration Fig. 6, the plant being the 2,000 horse power 
of boilers of the Baltimore E lectric Refining Company, 
of Bal timore. 

The mechanism of the stoker consists of a hopper 
for receiving the coal and a S':lt of rocking, stepped, 
grate bars, inclined at an angle of about thirty.seven 
degrees to the horizontal, and a dumping grate at the 
bottom of the incline for the discharge of ashes and 
clinkers, as shown in Fig. 2. The coal is fed on to the 
inclined grate from t he hopper by a reciprocating 
pusher, Fig. 4, which extends almost the entire width 

back of the furnace, while the action of gravity is to 
keep the broken particles of the fire in close contact, 
preventing any large excess of air and securing high 
economy of fuel. The rocking motion of the grate 
bars constantly works the ash toward the back of the 
furnace, where it is discharged by the dumping grate 
into the ash pit. By refl?rring to Fig. 1, it will be 
noticed that by opening the ashpit doors in the fur
nace front, the fireman, as the result of the steeply in
clined position of the grate, is enabled to look directly 
at any part of the grate, the entire bed of the fire being 
visible frow the under side. Hence, clinkers can be 
seen as they form, and dislodged without admitting 
cold air above the furnace. The fire in a furnace of 
this kind can be cleaned in less than one minute, thus 
avoiding the loss of steam pressure common to hand
fired furnaces when cleaning fires. 

FIG. t.-GENERAL PERSPEC'l�lVE OP 'fHE RONEY MECHANICAL STOKER APPLIED TO A HORIZONTAL, 
TUBULAR BOILER, 

ciples 6l'1ginally introduced by the inventor, the im
prove,lJents 1IJade i n  the last fifteen years, both by 
himself and Mr. W. W. Churchill, lllechanical engineer 
for "",' esringhollse, Church, Kerr & Company, have 
greatly increased its efficiency and durability. 

The illlpro\'ed Roney mechanical stoker is to· day i n  
great demand, particularly for large aggregations of 
�team power, such as are found at the large central 
!'rations for electric lighting and electric traction. 
They have been ordered by the Manhattan Rail way 

of the furnace, and is operated by an agitator sector, 
the agitator having a constan,t amplitude of lllovement, 
while the agitator sector, which is connected to the 
hopper shafting, has its motion controlled by an ad
justable hand-wheel and receives its motion from the 
agitator. Hence, the range of Illotion of the pusher is 
from no stroke to full stroke, independent of the rota
tion of the shaft or the movement of the grates; the 
amount of coal pushed into the furnace being, there
fore, easily adjusted to suit the kind of fuel employed 
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During the early stages of the development of the 
Roney stoker, the grate bars were cast in one piece, 
and when the fuel plate or top burned, it was neces
sary to discard the entire bar. Later the tops and 
webs were made separately and only the top was dis
carded. This improvement, cOllJbined with the fluting 
of the under side of the fuel plate, gives thelll a large 
amount of cooling flU face and considerably reduces the 
cost of repairs. 

When anthracne coal is b urned, the stoker is pro-
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